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1. Introduction

In a modern world, where technological development becomes part of their daily lives, human beings are either
consciously or unconsciously submitted to a variety of risks. Considering that any industry generates some type
of risk to man or the environment and that to face these risks, it is necessary to develop emergency response
plans for those situations, which despite being considered of low probability of occurrence, such as in the
thermonuclear electrical energy generation, when they occur, they can have a significant impact on its
surroundings.

In this sense, this work aimed to identify and analyze the dynamics of preparation and response to possible
emergencies in a nuclear power plant, based on the evolutionary change of an emergency plan and, aiming to
understand the evolution of these plans, in light of the organizational learning processes, innovation and risk
communication.

Therefore, the research adopted an exploratory character, seeking evidence in documents, participating in
emergency response planning meetings and in a so-called General Nuclear Emergency Response Exercise,
conducting interviews with stakeholders and applying a questionnaire to the population living in the
surroundings of the facility. The work also presents a model that facilitates the understanding of the proposed
approach and values the importance of participation and cooperation between the actors involved within a
perspective with the effective participation of society, confirming, in addition, the importance of the three studied
processes, demonstrating that they can be treated and evaluated in an integrated and systematic way in the context
of preparation and response to possible emergency situations in a nuclear power plant.

2. Methodology

An exploratory research was carried out, respecting the following steps: (1) the bibliographic survey, where
the main concepts used were deepened; (2) the analysis of examples that encourage understanding, allowed
the deepening of specific questions about the preparation and response to an emergency situation, including
participation in meetings of planning committees for emergency situations and direct observation of the
General Exercise of Nuclear Emergency Response - 2013; and (3) the interviews with stakeholders who had
practical experience with the subject, were carried out following a script that included concepts identified in
the literature and documents inherent to the emergency response plans at CNAAA. Some representatives of
organizations participating in the response and members of the Praia Vermelha Residents Association were
submitted to this procedure, in order to collect information that allowed supporting the arguments and
assertions about the response plan, from a systemic perspective related to the processes of learning, innovation
and communication.

Complementarily, a questionnaire was applied to the population of Praia Vermelha, as it was perceived the
need to conduct interviews with more structured questions, aiming to capture the perceptions of part of the
population about the emergency response plan.

In addition, interviews with representatives of organizations allowed collecting qualitative evidence from the
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interaction with actors, government and society, involved with the emergency response plan, providing the
discovery of new perspectives and elements for the development of the research.

3. Results and Discussion

After analyzing the various forms of learning and how these take place in CNAAA emergency response
planning, it was possible to obtain greater clarity on the importance of this process, considering its multiple
dimensions that sometimes overlap and feed themselves [13], contributing to the prospection and discovery of
new possibilities and ideas. These are observed in the evolutionary dynamics of the CNAAA Nuclear
Emergency Response Plan through doing, using, interacting, adapting and failing, practices that highlight the
transversal characteristic of organizational learning within the emergency planning system.

The work carried out also identified that the natural trajectory [9] of emergency preparedness and response in
a nuclear power plant is characterized by incremental innovations [5], which are presented from a dual
perspective, based on the concepts of Demand Pull and Technology Push [10][11][13].

It can be seen that the implementation of nuclear power plants in a country involves issues that contribute to
the induction of technological demands. This influence both the trajectory and the rate of innovations adopted
by the nuclear emergency preparedness and response system considering the permanent need to increase the
protection of the local population and the environment, which ends up influencing the perceptions of the risk
associated with the use of nuclear technology.

On the other hand, no less important is the approach based on the concept of impulse for technology, which in
a version considered [10] less deterministic is called, impulse for organizational capacity [9].

When we consider that the availability of technological resources plays a determining role in the rate and
direction of innovation within organizations [10], we understand the importance of organizations investing in
generation of knowledge to expand their absorptive capacity [3], to enable exploring new opportunities.

The evolutionary dynamic consists of incremental innovations that are either induced by internal or external
demands, guided by scientific and technological advances, thus promoting learning and increasing
technological capacity in organizations.

In order to better understand the risk communication process, a questionnaire was applied to the population
at Praia Vermelha, and it allowed us to identify and verify that: (1) there is an absence of fear, from the
population point of view, related to the NPP; (2) the population is unaware of the possible risks associated
with day-to-day activities at CNAAA; (3) wrongly practiced procedures have the potential to produce negative
changes in risk perception; (4) improving access to information is a key factor in reducing the population's
incertitude about the activities of the plant and the emergency response plan; (5) the existence of formal and
informal relationships with NPPs workers and participants in the emergency response system, providing a
certain "know-who", which can be useful in times of crisis; (6) the existence of some residents with an
effective or temporary employment relationship in the NPP, results in the existence of people in the region
with more specific and advanced knowledge about the plan's actions; (7) the recognition by the population
that the organizations participating in the response plan have a high degree of technical knowledge; (8)
evidence points to the existence of a trajectory of gradual increase in the level of confidence in the emergency
system; (9) the innovations introduced in the region, such as Praia Vermelha in the last two exercises, related
to the use of navy vessel, sheltering and distribution of potassium iodide tablets, contributed to improving the
population's perception of the emergency response plan evolutionary process; (10) there is a need to bring the
organizations participating in the response closer to the population and workers, especially outside the period
where general exercises are carried out; (11) it is important to diversify the period for performing general
exercises, during high season and on weekends; (12) the adoption of a strategy to improve the emergency plan
and conditions for carrying out the planned actions, whenever possible, in line with the population's demands
for improvement of the local infrastructure; (13) the need to establish formal protocols for organizations, to
work with the local population whenever any type of failure in emergency preparedness and response
procedures is observed; and (14) the existence of establishments that need specific communication and
training actions for their professionals.
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Thus, considering the relevance of organizational learning, innovation and risk communication processes in
the construction of the evolutionary trajectory of the emergency response plan at CNAAA, allowed us to
identify and understand the relationship between these processes and their importance (Figure 1).

Figure 1: Systematization of the Evolutionary Dynamics of the Emergency Response Plan of CNAAA

STIMULUS, arises from questions:

e Policies e Social e Regulations
e Environmental e Technological
e QOperational e Unlikely

LEARNING, involve: INNOVATION, with features: COMMUNICATION, to:
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Source: Adapted from QUADROS, 2014 [12]

This systematization is based on the evidence that indicates that the improvement of the emergency plan and
its evolutionary dynamics are influenced by stimuli that drive and demand, to some degree, a reaction that is
motivated by political, social, normative, environmental and technological issues.

The need to respond to these stimuli can motivate the search for a better understanding of the problem and for
new knowledge for its solution, contributing to the increase in the absorptive capacity of organizations [3],
obtained through the various dimensions of learning related to doing, using, interacting, adapting and failing.
This accumulation of absorptive capacity within organizations promotes the emergence of new ideas and the
development of innovative solutions, which are important for the plan's continuous improvement process.

Learning initiatives and knowledge production in the context of the emergency system are fundamental for
the development [1][4] of the emergency plan and, in this respect, the importance of interaction and
cooperation between the various stakeholders involved is highlighted, given the multidisciplinary and social
characteristics related to the plan and the need to consider both the use of existing knowledge and skills and
the exploration and experimentation of new alternatives [8].

It is believed that the organizational learning and innovation process is at the heart of the emergency system
itself, through the performance of the participating organizations. On the other hand, it is considered necessary
for the successful adoption of innovations in the emergency response system that these are communicated to
the population, which benefits from the new solution.

Thus, the risk communication process, in the proposed model, takes place in the relationship and establishment
of bidirectional information flows, between the emergency response system and the population potentially
affected by the presented innovation.

In response to the stimuli and information received, this population can produce a feedback effect, producing
new stimuli, demands, doubts, suggestions, proposals and messages that would be transmitted from the
population to the emergency response system, which can promote the beginning of a new cycle of search and
accumulation of knowledge [7].

4. Conclusions

From an approach based on organizational learning, innovation and risk communication processes, new
perspectives and contributions were presented for understanding the evolutionary dynamics of the CNAAA
emergency response plan and its improvement.
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The work highlighted that the evolutionary dynamics of the plan has a multidisciplinary, multi-organizational
and cooperative character. In addition, the work contributed to discussions on some points for improvement,
particularly with regard to the transformation of the local population into an increasingly active and
participative actor within the dynamics of improving emergency response planning.

The emergency preparedness and response system has its backbone based on routines, codified in plans, norms
and procedures, and non-codified, incorporated in the practices of individuals and organizations. These
routines and their modifications over time are established as genes that store information, memories of this
system, preserving its past and enabling the repetition of already consolidated practices.

This organizational learning is born from learning by doing and using routines that are improved and promote
the specialization of knowledge within this system and influence its future trajectory, its development [4].

The accumulation of experiences and knowledge [2] that influence the evolutionary dynamics of the plan
allows the increase in the absorptive capacity [3] of the participating organizations, enabling them to take
increasingly challenging steps.

The experimentation of new scenarios, resources and possibilities are important factors for the balance
between the use of existing competences and the expansion of the knowledge frontier in the emergency
response system.

Thus, it is concluded that this system is being improved over time through a double influence, which lead to
discussions about how much and how "Demand Pull" determines the rate and direction of emergency planning
actions and, on the other hand, how the availability of technological capabilities and resources (Technology
Push) contribute to the evolutionary dynamics of emergency planning.

The research, allowed us to observe a trajectory of gradual evolution in the risk communication process of the
CNAAA Emergency Response Plan, with actions being carried out since the 1980s and which concern the
expansion of the population's access to information about the plan.

However, there is a need to improve formal communication channels, aiming to expand the socio-participatory
characteristic of the plan, which is considered important for increasing the confidence of the local population
and establishing commitments that contribute to reducing tensions between skepticism layperson and
professional expertise [6].

Finally, it is important to reiterate the importance of organizational learning, innovation and risk
communication processes for the nuclear emergency response system, valuing participation and cooperation
between the different stakeholders involved, which includes the population potentially affected in the event
of an emergency.
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